A new X-ray diffraction method for a more accurate determination of film pole densities is developed by introducing a secondary extinction correction. To this end an equation based on the kinematic theory of X-ray diffraction and the mosaic crystal model is derived. Pole densities were computed either by using the two order reflections techniques or by the least-square method. The discussion of results shows that the correct study of film structure by X-ray diffraction requires in general the secondary extinction to be taken into account.
INTRODUCTION
In a previous paper it was established that the integrated intensity of the strongest Xray diffraction lines of textured films was lower than the kinematic theory premises (Tomov 1976) . Since the electrodeposited metal films are of fine crystalline lamellar structure this effect was ascribed to the secondary extinction. The secondary extinction decreased in a different extent the integrated intensity of each of the diffraction lines. The intensity decrease would cause a systematical error in pole density measurements which was different in each of the measured directions and, in addition, it was intolerably high in the main texture component direction. If it was accounted for the influence of the secondary extinction on the observed intensity, the systematical error would be canceled and the accuracy in the pole density measurements would markedly be raised. It is the purpose of the present paper to give a derivation of an improved method for more accurate pole density measurements in textured "infinitely" thick films. Because of the natural macrofeatures of films (i.e., large lateral dimensions) the considerations to be made will use the results concerning the secondary extinction correction for the symmetrical Bragg case reflection (Chandrasekhar 1960 , Zachariasen 1963 (James 1960) . The mosaic structure model of a real crystal was proposed by Darwin, 1922 , to account for its reflecting power which is affected by extinctions. The model represents a real crystal as consisting of slightly misoriented, X-ray optically independent blocks distributed in depth randomly.
Extinctions in a mosaic crystal structure are the power losses caused by the production of a diffracted beam. If the mosaic structure consists of large crystal blocks, the extinction within each ideal block is called primary extinction. When it is a fine crystalline mosaic structure, the power loss due to diffraction in blocks that are traversed by the incident beam before it reaches the particular block under consideration is called secondary extinction.
The theoretical study of secondary extinction by Darwin, 1922 , Chandrasekhar, 1960 and Zachariasen, 1963 , 1965 , 1967 , has been confined to crystals in which the domain distribution function is much wider than the diffraction pattern of a single domain. According to the theory secondary extinction is an inherent property of slightly misoriented fine crystalline structures with blocks distributed in depth randomly. In fact, such a distribution is approximately similar to that of sharp growth textures. The last is a premise to apply the considerations of the secondary extinction theory to studies of film texture. The motivation to introduce a secondary extinction correction in observed intensity is related to the accuracy in pole density measurements.
In the symmetrical Bragg case reflection by a parallel plate as a first-order correction for the secondary extinction Chandrasekhar, 1960 and Zachariasen, 1963 showed that one should use an effective absorption coefficient
where/ is a linear absorption coefficient, g is a secondary extinction coefficient which is a constant for the crystal depending on the nature of the mosaic, Q is the reflectivity of a lattice plane (hkl The following considerations are based on the supposition that the diffraction phenomena in films are similar to those in mosaic crystals. To describe the secondary extinction problem the film will be considered first, as an imaginary "ideally imperfect" crystal and second, as a crystal with "mosaic structure" which approximates the real film structure. These terms are related to film reflecting power in two different approxi-mations. In principle, diffraction by an "ideally imperfect" film must be obedient to the requirements of the kinematical theory. That means that the diffracted intensity from a film is not affected by extinctions. The integrated intensity Ii 
which relates the intensities of the respective diffraction lines of both the imaginary "ideally imperfect" film and the real mosaic fine crystalline structure film. Here y is a secondary extinction factor which is always smaller than unity. In general, the secondary extinction factor depends on the sample defect structure, the lattice plane reflectivity Q, the Bragg angle 0, the sample thickness t, as well as on the diffracted radiation wave length , (James 1960 James, 1960 and Zachariasen 1963 , 1965 , the secondary extinction e is proportional to the integrated intensity I, of the respective line so that the effective absorption coefficient is given by / # + e /t + 2kIa, P -P -z2 
RESULTS AND DISCUSSION
First, the compatibility of the model used to solve the secondary extinction problem by Darwin, 1922 and Zachariasen, 1963 and the structure of electrodeposited films will be considered. The compatibility of the mosaic structure model with the structure of textured films is illustrated by pictures obtained in an electron microscope using Pt-C replicas. The pictures are indicative for the lamellar structure of nickel films with sharp <100> + <221> texture. Figure 1 Moreover, because of multiple twinning during film growth and the accidental character of the twin process, the distance between blocks with the same orientations could not be constant. The last premises random distribution of blocks with equal orientations in the depth of the film. Consequently the cross sections show that crystalline distribution in the film is in some degree similar to that in the mosaic structure model where a requirement is postulated for X-ray optical independence and random distribution of blocks in the depth of the crystal. The cross sections presented are the best visible arguments for compatibility of the mosaic structure model with a real film structure. Taking into account these preliminary results, we could better understand the main results concerning secondary extinction and pole density.
The values of the secondary extinction e are shown in Figure 3ab together with the respective X-ray diffraction patterns of two films. Figure 3a Figure 3b shows the X-ray diffraction pattern of very sharp <100> + <221> texture. The respective e-values amount to about 115% for the 200 diffraction line and to 15% for the 400 diffraction line compared to the/-value of nickel. The e-values are rather smaller in other measured directions presented by the two X-ray diffraction patterns (Figure 3ab ). The generalization of these results premises that textured film could be considered as a multicomponent material consisting of several "imaginary substances" of different linear absorption coefficient appropriate to each of the diffraction lines. These diffraction lines are not applicable to any correct estimation of film structure if the secondary extinction correction is not introduced in the observed intensity. 
CONCLUSION
A new X-ray diffraction method for pole density measurement of textured films has been described. The method accounts for the influence of secondary extinction on the observed intensity. A simple solution for the unknown quantities is given, using the two order reflections technique (i.e., using the 200 and the 400 reflection pair due to the contribution of the main <100>-texture component). Calculation of unknown quantities could also be made by the least-square method. The latter is independent of the texture type, since it does not require availability of the reflection pair of the main texture component as the former method does. Application of the secondary extinction correction to the textured films is found to be extremely useful in determining the correct pole densities. It may be anticipated that the high precision in any X-ray diffraction characterization of films could be further attained using this correction which tends to become very high in the case of rather sharp textures.
